The objective of this study is to examine how increasing body mass index (BMI) among nursing home residents affects the amount of staffing assistance needed for activities of daily living (ADL). We analyzed 1,627,141 US nursing home residents reported in the 2013 Minimum Data Set in seven BMI categories, from underweight (BMI < 18.5 kg/m 2 ) to obesity Class IIIB (50 kg/m 2 ). Logistic regression models estimated the odds of nursing home-reported need for extensive (2 staff member) assistance needed for ADLs. The adjusted odds increased from 1.07 (95% Confidence Interval (95%CI) 
Introduction
Obesity is a condition where excess body fat leads to adverse health effects and is commonly defined as a body mass index (BMI) of 30 kg/m 2 . 1 For older adults, there is a significant association between obesity and increasing inability to perform activities that are essential to independent living. 2À4 People with obesity are more likely to develop disabilities as they age. 5, 6 Disability is defined as an inability to independently perform activities of daily living (ADL) including functional mobility (move from a bed or chair, walking), dressing, personal hygiene, bathing, and self-feeding. 7 Disability requires assistance or lifestyle adaptation, whether at home, in the hospital or in a nursing home, and frequently occurs in the form one or more informal or formal caregivers. 8À10 No healthcare setting manages the challenges of disability more than nursing homes, where 80% of the 1.4 million residents in U.S. nursing homes report deficits in their ADLs. 11, 12 Obesity is also common in nursing homes; 26% of newly admitted nursing home residents were obese in 2008. 13 Disabled nursing home residents with obesity often need specialized care in the form of greater staffing. 14 Various studies have detailed extended staffing time for care of residents with obesity. The need to provide ADL care included more than 9 minutes increase in each dressing time for obese nursing home residents and 60 minutes increase in bathing time for a resident with a BMI of 50 kg/m 2 compared to a normal weight resident. 15, 16 Disabled nursing home residents with obesity in
Arkansas from 1999À2004 were more likely to need two or more staff members to assist with most ADLs compared to normal weight residents. 17 Applying these findings is difficult because obesity is, by definition, inclusive of a wide spectrum of body sizes, but health effects and nursing needs generally increase as BMI increases. Understanding how reported need for assistance varies as BMI increases (for example, between a resident with a BMI of 30 kg/m 2 and a resident with a BMI of 50 kg/m 2 ) will help to define the problem of obesity care in nursing homes in terms of who is most affected, how increasing BMI affects staffing and equipment needs, and what level of BMI should be the focus of policy interventions. 9, 17, 18 The objective of this study is to report the effect of increasing resident BMI on the reported need for extensive assistance with ADLs for U.S. nursing home residents. Because assistance with ADLs depends not only on BMI, but also on demographics (age and gender) and cognitive function, we controlled for these factors in these analyses.
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Material and methods
Conceptual framework and hypothesis
The conceptual framework and hypotheses are derived from the observation that a more physically demanding task requires greater work in the form of exertion or time. In the setting of nursing care and obesity, this implies that increasing resident BMI increases the demands of nursing care and likely increases the time it takes to provide a service. When care is provided by one person, the care provider has a limited physical capability to respond to the greater weight of the resident to help with ADLs. Residents with a weight that is greater than the maximum assistance capacity of a care provider will need more than one person to provide care for the resident's assistance needs. Therefore, ADLs requiring assistance with mobility or functional movements (like walking, transfers to chairs, toileting) are likely to be more challenging for a single caretaker, and ADLs that only require assistance with instrumentation or smaller muscle movements (like self-feeding) would not be more challenging as resident BMI increased. Hypothesis 1. Nursing homes will be more likely to report that residents with a greater BMI will require two or more care providers to assist with ADLs associated full body weight movements (walking, transferring from bed or chair, dressing, toileting, bathing) compared to residents of lower BMI.
Hypothesis 2. Nursing homes will not be more likely to report that residents with a greater BMI will require two or more care providers to assist with ADLs associated with light body weight movements (eating) compared to residents of lower BMI.
Data source and study sample U.S. Centers for Medicare & Medicaid Services Minimum Data Set (MDS), collected in 2013, was used for all residents of U.S. nursing homes accepting Medicare or Medicaid funding. A nursing home, as defined by federal regulations, is a residential facility that provides 24-hour nursing care and custodial care with intermittent medical, rehabilitation and other health and social services. 22 The MDS contains all longitudinal assessment data of all residents of Medicaid and Medicare certified nursing homes. It includes nearly 400 data elements for each assessment including biometrics (height and weight), demographics, health conditions, cognitive function, functional status, services received, continence status, skin assessments. The MDS is completed for all residents in Medicare or Medicaid certified nursing homes on at least three occasions: on admission, annually, and if the resident shows significant change in status. A subset of MDS fields must be completed quarterly. It has been used since 1990, and it now in its third major version, MDS 3.0. This version, which is used in this project, has been validated in its clinical accuracy and relevance in comparison to research nurse assessments. The reliability of the MDS has been studied many times and generally been noted to be good, and MDS 3.0 has been shown to be superior to previous versions. 23À25 To define the study sample, we limited the cohort to residents present on the April 4, 2013, the first Thursday in April. Other literature, including the Long-Term Focus dataset uses this methodology to standardize characteristics over time.
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Dependent variable definitions
The outcome of interest was nursing home-reported need for extensive (2 staff member) assistance needed for ADLs. ADLs are described by eleven domains in the MDS. These domains include bed mobility, transfer, walk in room, walk in corridor, locomotion on unit, locomotion off unit, dressing, eating, toilet use, personal hygiene, and bathing. The definitions of each activity are fully described in Appendix Table A1 . Reported need for assistance is defined in the MDS as reporting the need for "the most support provided over all shifts", for each of the above activities may be coded as the following as "no setup or physical help from staff", "setup help only", "one person physical assist", "two plus persons physical assist", or "ADL activity itself did not occur during entire period." For the following analysis, these levels of support provided were grouped into needing "two plus persons physical assist" or all other lesser forms of assistance.
Independent variable definitions
Body mass index category is the main predictor of interest. Resident height and weight was recorded from a measurement using facility-specific procedures. The recorded weight measurement is to reflect a measurement within the last 30 days, and height is to reflect the height at admission or within the last year, whichever is more recent. BMI was calculated at mass in kilograms divided by squared height in meters, and it was categorized into underweight, normal weight, overweight, obesity Class I, obesity Class II, obesity Class III (subdivided into two groups obesity Class IIIA and Class IIIB). The definitions of each obesity category are described in Table 1 . Residents with reported weight less than 50 pounds, weight greater than 1000 pounds, height less than 36 inches, or height greater than 90 inches were considered outliers and counted as missing observations.
Demographic variables include age categorized into less than 65 years old, 65 to less than 70 years old, 70 to less than 75 years old, 75 to less than 80 years old, and 80 years old or more. Gender is defined as the identity listed in the Social Security system of female or male. Race, in the MDS, is defined as self-identified race using the following categories: American Indian or Alaska Native, Asian, Black or African American, Hispanic or Latino, Native Hawaiian or other Pacific Islander, or White. For this analysis, race was categorized as "Black", "White", or other. Dementia status is defined by its presence as an active medical diagnosis within 7 days of the MDS assessment date.
Statistical methods
The odds of two-person assist for each ADL for each body mass index category was calculated using multivariable logistic regression with Huber-Eicker-White robust standard errors to adjust for facility-level clustering of resident characteristics present in the collected data. The regression model controlled for age category, gender, dementia status as these factors may confound the relationship between obesity and assistance needed with ADLs. The predicted probability of needing assistance of two persons, adjusted for all covariates, was computed by back-transformation (using the "margins" command) from the logistic regression model. 29 Stata 15.0 software was used for all analyses (StataCorp, College Station, TX).
Results
Of the 1,677,419 nursing home residents, we excluded 50,278 with missing information for height or weight (n = 36,781), age .6%, and 6.4%, respectively), or Class III obesity (9.3%, 6.6%, and 5.2%). The distribution of resident body mass index category, when subdivided into short-stay and long-stay residents, was nearly identical (Table 2) . Following Hypothesis 1 and 2, the unadjusted prevalence of reporting two or more-person assistance increased as BMI increased for every type of assistance need except for eating assistance which was not associated with increasing BMI (Table 3) . After adjusting for age, gender, and dementia status, increasing BMI was associated with an increasing odds ratio of a two or more person assist for all activities. The odds ratio of needing two or more person assistance ranged from 1.23À2.23 for residents with Class III Obesity compared to residents of normal weight, except eating assistance. When the predicted probability of assistance was plotted as a function of BMI, residents with Class III obesity had a much higher probability of needing extensive assistance than those with lower BMI (see Fig. 1 ). Residents with Class IIIA obesity were associated with an adjusted odds ratio of 1.33 (95% CI 1.31À1.35) and residents with Class IIIB obesity were associated with an adjusted odds ratio of 1.90 (95% CI 1.86À1.95) of receiving a two-person assist with any activity of daily of living.
Discussion 2013 national nursing home assessment data in this study showed that 30.7% of all residents were obese, and increasing BMI was associated with a significantly increased reported need for assistance of two persons with reported ADLs. The odds of needing a two-person assist with mobility related activities increased as BMI increased, with the most pronounced odds ratios for people with BMI 40 kg/m 2 and over (supporting Hypothesis 1). The only activity with which this relationship did not exist was in eating assistance, where there was no significant increase in need for two-person assist (supporting Hypothesis 2). This relationship was robust, even after adjusting for age, gender and dementia status. As obesity prevalence increases in nursing homes, the staffing, equipment, and skills necessary to provide adequate assistance for residents with higher BMIs must be evaluated to avoid safety issues for residents and staff.
This study found that as BMI increases, more care was needed in the form of extra staff to provide help with every type of ADL except for eating activities. Beyond the extra staff, these staff members noted needing more time to perform the same task with obese residents. Observational and qualitative research has consistently noted complexity when providing care for residents with obesity including the need for increased time to assist with bathing and dressing. 15, 16 Studies from acute care settings have noted similar trends in additional staffing needs as BMI increases. 30 Over the past 15 years, staffing at nursing homes has stayed level in terms of nursing aide hours per resident per day. 28 The rate of obesity among nursing home residents has increased from 16.9% in 2000 to 30.7% in 2013, and the prevalence of obesity has doubled since the turn of the century. 13 This growing mismatch between unchanging staffing hours and increasing obesity prevalence may lead to greater challenges in properly caring for residents with obesity. In a recent survey of nursing homes administrators, 31% of respondents reported that staffing was not adequate to care for morbidly obese residents (defined in this study as residents weighing 325 pounds or more), and a survey of hospital discharge planners found that 60% of respondents thought that nursing homes had staffing concerns regarding admission of someone with a BMI of 35 or more. 31, 32 While this difference between available workforce and assistance needed may have be compensated for by new methods or technology, it is most likely that staff are using a greater proportion of time and energy caring for the intensive needs of residents with obesity. Resident obesity is leading to a serious workforce issue. Next, obesity has been associated with adverse events in nursing homes, and staffing has been implicated in these relationships. Cai et al noted a higher incidence of pressure ulcers among residents with obesity, and this relationship was moderated by staffing rates. 13 The increased risk of pressure ulcers may be related to biologic etiologies (increased skin pressure and shearing forces), nursing issues (difficulty assessing skin integrity) and system issues (staff availability to turn resident). Additionally, nursing homes with higher rates of obesity have been noted to have slightly higher rate of staffing as well as more inspection deficiencies. 33, 34 This indicates that resident obesity is associated with resident harm, nursing homes are attempting to adapt to changing demographics related to obesity, and quality is often lower in nursing homes where obesity rates are high. Increased use of specialized equipment including Hoyer lifts, transfer boards, and bariatric-sized beds, chairs, and treatment tables may help alleviate the burden of extra assistance needed by the obese residents. Numerous nursing reviews have described the utility of a broad range of equipment for care of residents with obesity. Despite this, it is unclear how accessible and useful this equipment is in most nursing homes. 35À37 In the previously mentioned survey of Pennsylvania nursing homes, 68% of respondents reported concerns about the specialized equipment needed for morbidly obese residents in their nursing home. 31 Among hospital discharge administrators, 72%
of respondents reported perceived nursing home concerns regarding equipment necessary for care for residents with a BMI of 35 or more. 32 Such equipment is expensive to purchase or lease, and it may be difficult to justify for nursing homes with lower numbers of residents with obesity, leading nursing homes with less equipment, staffing, or volume to refuse admission to these prospective residents. Indeed, one third of hospital discharge planners reported that nursing homes often or always refuse admission to these residents. 32 Specialized equipment for obesity care has a narrow range of uses, unlike the utility of higher staffing rates which can be utilized in many ways, making these expenses difficult to justify for lower volume facilities. The residents that are affected by the challenges related to staffing and equipment are residents that may already been subject to systemic disparities by race, socioeconomic status, and gender in care outcomes. Therefore, the issues related to obesity may be causing persistent or widening disparities. Residents with obesity are more likely to be less than 65 years old, have Medicaid payer sources, more be racial minorities, and be female. Similar populations of obese individuals have also been identified as having lower levels of household wealth than individuals of normal body weight. 38 Nursing home administrators and hospital discharge planners have identified reimbursement and financing of nursing home care as a significant barrier to admitting and caring for these residents. Due to the demographics of the nursing home population with obesity, any disparities in care for these residents disproportionately affect people that are poor, minorities, and women. Improvement in the financing and care for people with obesity in nursing homes may help narrow the gap in quality of care for disadvantaged populations. This study has limitations. All height and weight are reported by MDS assessors using facility-specific standard practices which may vary from facility to facility. The main outcome of needing two-person assistance only reports the assessor's perception and may not be an accurate measure of daily received assistance. All statistical models controlled for a limited number of demographic factors and residual unmeasured confounding may remain in the final model estimates.
Conclusions
Increased assistance is necessary to provide care for residents as their obesity increases. Residents with a BMI greater than 40 kg/m 2 are much more likely to need such assistance, but even small increases in BMI from normal weight were associated with increased need for two-person assistance. The health, quality of life, employee safety, and policy challenges related to obesity in nursing homes demands serious consideration from the nursing, medical and public health communities.
